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ABSTRACT
To the electric utility engineer, the parameters of the flash that are 
of primary interest are the crest current for the first and subsequent 
strokes, the waveshape of these currents, correlation between the 
parameters, the  number of strokes per flash and flash  incidence 
rates where the ground flash density is denoted as flashes per 
square km-year and symbolised by Ng. The first three parameters, 
as we know them today, are to a very large extent based on the 
measurements of Berger. Berger’s masts, 70 and 80 metres high, 
were mounted atop Mt. San Salvatore (Switzerland), which is 650 
metres above Lake Lugano, where it can be readily noted that these 
125 records represent one of the best and most extensive sets of 
data available to the industry to date. This inaugural talk focuses 
on the lightning severity scenario in Malaysia, which could also 
be applicable to other tropical countries, and some of the useful 
parameters for lightning protection system design and forensic 
study. Some specific engineering applications and solutions are 
summarised, taking into account various lightning parameters, 
available from past and current measurements. These include the 
first national circular on lightning protection system installation 
for buildings, lightning protection guide on building and recently 
released guidebook on lightning protection for photovoltaic (PV) 
systems published by the Energy Commission of Malaysia and 
Sustainable Energy Development Authority (SEDA), respectively.
It is He who shows you  lightning, [causing] fear and aspiration, 
and generates the heavy clouds. And  the thunder exalts [Allah] 
with praise of Him  - and the angels [as well] from fear of  Him  
- and He  sends thunderbolts and strikes therewith whom He 
wills while they dispute about Allah;  and He is severe in assault.
[Ar-Ra’ad: 12-13]
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INTRODUCTION
Lightning is one of the most fantastic natural phenomena in the 
world. It can result in severe damage to property. Lightning happens 
when a region of atmosphere acquires a sufficiently large electric 
charge that is capable of causing an electrical breakdown. It has 
been reported that there are 2000 thunderstorms in progress at any 
time resulting in 100 lightning flashes to ground per second; this is 
8 million per day. It causes around 100 deaths and 250 injuries in 
the United States per year, more than from any other weather-related 
phenomenon. Even though there is no such database regarding 
the victims or survivors due to the lightning, but some cases have 
been well documented especially with related to the injuries and 
the deaths caused by the lightning. It has become a significant 
threat  to  many  countries  where  the  natural  phenomenon  has 
previously  been treated only as an occasional attacker of careless 
living beings. Most tropical countries, several southern states of 
the U.S.A., Japan, and several parts of Australia, experience heavy 
annual lightning occurrence density.
 It is a fact that Malaysia encounters more than 70% of power 
outages due to lightning and it is known as the “Crown of Lightning” 
in the world. The effects of lightning on electrical/communication 
networks and structures account for equipment damage, downtime/
data losses and malfunctioning of control and automated systems 
that may cost the nation over millions of ringgit and thousands of 
human injuries and deaths.
 Malaysia has been ranked among the top three in the world 
in terms of the lightning density, more than any other countries in 
Asia. The lives of these people could have been saved if they were 
given proper education in lightning protection. Apart from human 
injuries and deaths, another matter of concern is the innumerable 
deaths of animals caused by lightning every year.
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 This inaugural lecture briefly presents the overview of lightning 
scenario in Malaysia and its impact towards the safety and energy 
security. Some parameters of interests for engineering application, 
will also be discussed, based on previous CIGRE documents on the 
subject published in ELECTRA more than four decades ago by 
Berger et al. (1975) and Anderson and Eriksson (1980). Measured 
lightning generated electric field with its unique characteristic will 
briefly be explained, apart from a sample of case study carried out, 
taking into account the usefulness of some lightning parameters, 
obtained from lightning location system. Last but not least, current 
progress with regards to the solutions in the forms of standard and 
policy development will also be highlighted for the benefit of the 
readers and audiences.
LIGHTNING GENERATED ELECTRIC FIELD IN 
MALAYSIA AND ITS DISTINCTIVE FEATURES
Since  early  1930s,  the  breakdown  process  in  the  cloud 
discharged  has  been studied in a structured fashion in order to 
understand the lightning initiation mechanism. There is another 
method for considering on lightning effects to visually observe 
the discharged process of the cloud, some valuable information of 
the initiation of the process could be provided by the electric field 
remote sensor.
 Based on previous studies, it was found that large microsecond 
scale pulses were typically being observed at the beginning of the 
cloud discharged that could be related to the breakdown process 
initiation.
 Over the years, various researchers have done reliable works 
to measure and model various features and effects of lightning 
discharge with varied success.
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 These works served to improve our understanding of the 
physical meaning of the lightning processes and the role of lightning 
in the global circuit.
 Measurement of the electric field was recoded on November  2013 
at Universiti Putra Malaysia (UPM) (2°59’19.9”N 101°43’29.8”E) 
in Serdang Selangor area during monsoon period. Selangor has a 
tropical rainforest climate with monsoon rain from November to 
February blowing to Strait of Malacca. From a total of 172 lightning 
ground flash records were analysed, out of which 57 flashes 
contained positive lightning with a number of them having high 
number of subsequent return strokes which is somewhat unusual 
with the observations in other locations contrary  to  the  majority 
of  positive  lightning  return  strokes  that  have  been recorded 
previously, where the average multiplicity, MAVG, is one, this study 
showed a high average multiplicity of which is almost four times 
higher than that is usually observed. Table 1 generalises the studies 
that have been experimented on positive lightning in the past for 
their respective number of strokes and average multiplicity, MAVG. 
This is one of the examples on the interest of positive lightning, 
which intends to highlight the distinctive features of these measured 
electric fields.
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 Figure 1 shows one of recorded flashes that occurred at 15:22:54 
on 31/10/13. Nine positive RSs were found to be presence in the 
flash with a small intensity PBPs preceding the first positive return 
stroke.
Figure 1 The Electric Field Return Stroke Waveform of Flash with a 
Timeframe of 20 ms 
TOWER INITIATED LIGHTNING DISCHARGES
The behaviour of a lightning current traversing along a tall structure 
is influenced by the factor of the ground reflection coefficient 
parameter. This parameter is widely assumed to be constant in the 
analysis of lightning current along a tall structure. However, in 
reality, the ground reflection depends on the relationship between 
the tower and ground impedances which results in multiple values 
for the ground reflection coefficient. These values are determined 
by the ground impedance, whereby the grounding electrode 
arrangement and soil resistivity play key roles.
❚❘❘ 8
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 A tall structure with a height of more than about 100 m is 
in danger of possible frequent exposure to strikes by lightning. 
When such an incident occurs, basically, the lightning current will 
travel down across the body of a tall structure and pass through the 
grounding system. It should be noted here that the mechanism of 
reflection at the top and bottom of a tall structure has a significant 
effect on the lightning current across the structure [34–36]. Thus, 
combined knowledge of the lightning current across the tall structure 
and an effective grounding system may result in understanding the 
multiple lightning current wave shapes along the body of the tall 
structure with respect to the reflection factor. This result may be of 
benefit to the tall structure which most likely would have sensitive 
equipment installed along the body of the structure, for example, 
a telecommunication (TM) tower.  TM  towers  have  equipment 
installed  along  the  tower,  and  therefore frequent lightning 
incidents may lead to the malfunctioning of this equipment and 
associated systems which result in poor information transfers for the 
users. Thus, the protection of equipment along TM towers is very 
important where the current wave shape at different heights should 
be determined based on the current behaviour along the tower. This 
is a requirement in order to set the appropriate protection level for 
the systems.
 The  behaviour  of  a  lightning  current  along  a  tall  structure 
is  influenced  by elements of the height structure and reflection 
coefficient. The lightning current will travel along the tall structure 
towards the tower base and the difference between the two 
impedances, namely the tower surge impedance and the ground 
impedance, causes the reflections propagate back up the tower. This 
ground impedance is also known as the ground reflection factor 
(GRF). Subsequently, this current will travel upward after reflection, 
and again, will be reflected at the top of the tall structure. This is 
9 ❘❘❚ 
Mohd Zainal Abidin Ab. Kadir
known as the top reflection factor (TRF). The reflections arise 
because of the difference between the tower and channel impedance. 
Hence, this situation may lead to an additional amplitude current 
along the tall structure and contribute to the different wave shape of 
the lightning current.  However, this situation has not particularly 
attracted the attention of researchers. It is generally assumed that 
the reflection factor is a constant value and is widely considered as 
such in the analysis of the behaviour of current along a tall structure 
and the lightning channel.
 Past research has shown that the lightning current along a tall 
structure is dependent on the ground reflection factor. Most of the 
previous researchers assume this factor to be a constant value. 
However, the ground reflection factor represents the correlation 
between the ground and tower impedances which is usually ignored 
by researchers. The ground impedance has a direct relation with the 
different types of grounding system as well as the different values of 
the soil resistivity which together generate multiple values. Hence, 
a relationship between the ground and tower impedance can give 
rise to multiple values of the ground reflection factor which may 
affect the lightning current along a tall structure.
 Furthermore, it is noted that the GRF has a relationship between 
the ground and tower impedance whereby the ground impedance 
(or ground resistance) plays an important role in this study. The 
ground resistance can be determined through the relationship of 
the grounding system, ground electrodes, the arrangement of the 
grounding system and the variation in the soil resistivity value. Such 
relationships justify the notion of the non-validity of considering the 
GRF as a constant. Therefore, the constant value considered in the 
literature for GRF may have seriously affected the computational 
results for the lightning current profile along tall structures.
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 It is well understood that the higher the structure height, the 
higher the chances of getting struck by the lightning, although 
that is not always going to be the case. Taking  into  account  the 
mechanism  of  reflections  which  has  been  discussed earlier, the 
voltage that builds up at any point of interest can cause damages 
to the electrical equipment installed along the tall structure. Figure 
2 illustrates this incident in details. When a lightning strikes a tall 
structure, the injected lightning current propagates in two directions, 
one propagates upward through the lightning channel with certain 
return stroke velocity and the other one propagates down the tall 
structure itself at the speed of light (due to the shorter distance 
as compared to the former). As the lightning current propagating 
down the tall structure and meet the ground surface, there will be 
reflections up and down the tower due to the impedance differences 
between the tower and ground surface, whereby this event is 
dependent on GRF value which influences the reflected current 
whereby a constant value of GRF influences much of the reflected 
current.
 Correlation between the impedances of a tall structure and 
ground plays a big role in determining multiple values of GRF. By 
keeping the tall structure impedance constant to a value of 150Ω, 
the ground impedance can be varied depending on the grounding 
system arrangement as well as the soil resistivity values. Hence, 
the reflected current along the tall structure will be determined 
based on the GRF, where the grounding system arrangement and 
soil resistivity effect are taken into account. Therefore, the outcome 
of this study is very much significant towards an understanding on 
this phenomena and its possible damages to the assets which are 
installed at any location at the tower. The evaluated current at any 
point of interest along the tower provides an important indication 
to the engineers to take into consideration on the type of grounding 
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system to be chosen as well as the soil resistivity value which 
needs to be accounted for. However, this effect has seldom been 
investigated and considered by researchers due to the complexity 
of the calculation and numerical technique to be used.
Figure 2  Illustration of Lightning Strikes to a Tall Structure
❚❘❘ 12
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IMPACT OF LIGHTNING
Safety
Many cases lightning fatalities and injuries involved outdoor 
activities such as fishing, agriculture, recreation and sheltering 
in an unsafe or unsuitable place. Another issue is related to the 
economic impact to workers in some areas of South East Asia 
such as Malaysia, Thailand and Indonesia, where the planting and 
harvesting periods of the crops happen during the monsoon periods. 
Experts use the estimate that lightning is fatal in about 1 in 10 
lightning- strike victims, although it is unknown if the death-to-
injury ratio is similar in all countries.  Table 2 shows the fatalities 
and injuries based on the number of victims, which were recorded 
since 2008 until May 2016. There is no indication at all that the 
lightning fatalities and injuries have decreased over the years and 
therefore much effort are needed to educate and create awareness 
among the public.
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Another study was conducted by Hajikhani et al. (2016) to 
evaluate the casualty and injury risks associated with lightning in 
Malaysia. Locations and activity were categorised into six classes 
namely indoors, outdoors, agriculture, sports, recreation and small 
structures. The outcomes of the study, from various perspectives, 
are depicted in Figures 3 to 7.
Figure 3 Total Deaths and Injuries Associated with Locations and 
Activities
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Figure 4 Distribution of Lightning Injuries and Deaths Based on Month 
(2008-2015) (n=224)
Figure 5   Distribution of Lightning Fatalities Based on States and 
Month from 2008 to 2015
❚❘❘ 16
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Figure 6  Distribution of Lightning Fatalities in Rural and Urban Areas 
(2008-2015)
Figure 7  Distribution of Lightning Injuries and Deaths in Malaysia 
(2008- 2015)
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ENERGY SECURITY
Electric utilities experienced high number of line outages due to 
lightning as reported by various authors. In Southern China for 
example, statistics shows about 70% of line outages are due to 
lightning while in Brazil, CEMIG declared  67%  of  transmission 
line  outages  are  due  to  the  same  root  cause.  In Indonesia, 66% 
of 150 kV line outages were reported due to lightning. Similarly in 
Australia, Gillespie and Stapleton reported that 40.5% of the cause 
of outages at their 275 kV network in 2004 were due to lightning.
 In evaluating overhead lines performance, there are list of 
available standards such as IEEE Std. 1410 and IEEE Std. 1243 that 
can be used. However, it is always a challenge for users from the 
tropical countries as these standards and procedures are generally 
designed to be used in non-tropical countries such as United States 
of America, Canada and European region. Recently published 
work by CIGRE WG C4.410 for example shows calculation on 
high voltage line performance with 4.7 and 4.9 flash per km2  per 
year stroke density which are somewhat not comparable with the 
GFD value in tropical countries which are typically 30 to 40 flashes 
per km2  per year and this was found to be the biggest concern in 
lightning protection system design.  Lightning outage rate was 
reported by several authors (See Table 3). 
❚❘❘ 18
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Figure 8 Transmission line outages due to lightning in peninsular 
Malaysia (from 2002 – 2015) 
 In Peninsular Malaysia, transmission line consists of 132 kV, 
275 kV and 500 kV systems. From 2002 until 2015, total number 
of outages were recorded and compared to the lightning activity 
throughout the year. Figure 8 shows a double- peak pattern on the 
total number of line outages in peninsular Malaysia for 132 and 
275 kV lines. Outages due to lightning were found to be higher in 
the month of April to May and October to November. This pattern 
was observed in the annual lightning activities, which are also 
higher during the monsoon interchange season, which is in April 
to May and October to November. Similar pattern was  however 
not  observed  for  500  kV  lines  due  to  the  fact  that  they  were 
designed  with  higher  insulation  level  in  order  to  withstand 
higher  lightning current. Some of the lines were energised at lower 
voltage level i.e. 275 kV. 
 Figure 9 presents different sources of damage to electronic 
devices.  It is possible to distinguish that the greater sector of the 
total damages is mainly caused by surge overvoltages, which part 
of them are generated due to lightning discharges.
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Figure 9   Damage to Electronic Devices due to Surge Overvoltages 
 Figure 10 shows the damage on the power system plant 
including all equipment used in power system distribution and 
transmission network.  Of course this is a very general approach and 
also includes isolated transmission lines exposed to direct lightning 
strokes, but it represents an actual statistical survey that should be 
taken into consideration.
Figure 10 Damage on Power System Distribution Plant due to 
Lightning Strokes
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SOME LIGHTNING PARAMETERS OF INTEREST
Ground Flash Density
This is a fundamental parameter, providing the basis for any 
estimation of the frequency of lightning effects on electrical 
system. The ground flash density Ng is often viewed as the primary 
descriptor of lightning incidence, at least in lightning protection 
studies. Ground flash density has been estimated from records of (1) 
lightning flash counters (LFCs) and (2) lightning locating systems 
(LLSs) and can potentially be estimated from records of satellite-
based optical or radio-frequency radiation detectors. It is worth 
noting that satellite detectors cannot distinguish between cloud 
and ground discharges and, hence, in order to obtain Ng maps from
satellite observations, a spatial distribution of the fraction of 
discharges to ground relative to the total number of lightning 
discharges is needed. IEEE Std 1410-2010 recommends that in the 
absence of ground-based measurements of Ng, Ng is assumed to 
equal to one-third of the total flash density (including both cloud 
and ground discharges) based on satellite observations.
 The ground flash density Ng for temperate areas may be 
estimated from Td, the keraunic level, using Equation (1) from 
Anderson et al.:
N = 0.04Td 1.25                                  (1)
where
Ng is the ground flash density in flashes per km
2 per year
Td is the number of days with thunder per year
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CIGRE Task Force C4.01.02-B noted that this expression has 
unacceptably large errors in tropical areas, recommending the 
alternative expressions for Equation (1), as tabulated in Table 4.
Table 4 Alternative Expressions for Equation 1 for Tropical Areas.
Country Alternative E xpression for Equation (1)
Mexico
          1.12
N = 0.024Td
Brazil
           1.12
N = 0.030Td
Columbia
            1.56
N =0.0017 Td
Figure 11 shows isokeraunic level (thunder days per year) in 
Malaysia. The western cost, especially the Klang valley records 
the highest lightning densities.
 These values are almost an order of magnitude greater than 
the global average. IEC  62305-2:2010  specifies  approximate 
relationship  of  the  lightning density Ng  with keraunic level or 
thunder days per year (Td) for temperate land only, as expressed in 
Equation (2)
Ng= 0.1 Td                                           (2)
where
Ng is the ground flash density in flashes per km2 per year
Td is the number of days with thunder per year
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Figure 11  Malaysian Lightning Density Map Given in Terms of 
Thunder Days Per yYar (adopted from)
 Alternatively,  GFD  may  directly  be  obtained  from  the 
Lightning  Detection System Network (LDSN), operated by TNB 
Research (TNBR); where a typical GFD map is shown in Figure 
12.
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Figure 12  Ground Flash Density (GFD) Map for Peninsula Malaysia 
(Courtesy from TNBR)
Peak Current – “Classical” Distribution
All national and international lightning protection standards (e.g., 
IEEE Std 1410-2010; IEEE Std 1243- 1997; IEC 62305 series) 
include a statistical  distribution  of  peak  currents  for  first  strokes 
in  negative  lightning flashes (including single-stroke flashes). 
This distribution, which is one of the foundations of most lightning 
protection studies, is largely based on direct lightning current 
measurements conducted in Switzerland from 1963 to 1971.
 Directly measured current waveforms of either polarity found in 
the literature do not exhibit peaks exceeding 300 kA or so, although 
inferences from remotely measured electric and magnetic fields 
suggest the existence of currents up to 500 kA and even higher.
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 For the CIGRE distribution, 98% of peak currents exceed 
4 kA, 80% exceed 20 kA, and 5% exceed 90 kA. For the IEEE 
distribution, the “probability to exceed” values are given by the 
following Equation (3)
where Ρ(I) is in per unit and I is the first return stroke peak current 
in kA. This equation applies to values of I up to 200 kA.
 This equation, usually assumed to be applicable to negative first 
strokes, is based on data for 624 strokes analysed by Popolansky, 
whose sample included both positive and negative strokes, as well 
as strokes in upward lightning.
 The  distribution  of  subsequent-stroke  peak  current  values 
is  approximated  in Equation (4) by (IEEE Std 1243-1997:
 Sample sizes for “global“peak current distributions for negative 
first strokes and the IEEE peak current distributions can be referred 
to CIGRE Technical Brochure (TB) 549.
 Table 5 shows the global peak current distribution derived 
from equations (2) and (3). However, these distributions are not 
much different from the direct current measurement by Berger et 
al. (1975) which are still regarded as the most reliable ones.
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Table 5 The IEEE Peak Current Distributions (adopted from)
 In the protection concerns, the lightning current has been 
divided into two parts in order to represent the impulse component 
and the long continuing current. The two components are
1. Short strokes (impulse) with duration of less than 2 ms (Figure 
13)
2. Long strokes with duration of longer than 2 ms and less than 
1 s (Figure 14).
 In IEC 62305-1, test current waveform with T1= 8 µs and T2 
=20 µs (known as 8/20 µs impulse) and another with T1= 10 µs and 
T2=350 µs (known as 10/350 µs impulse) have been recommended.
Figure 13   The short stroke current (impulse) as specified in IEC 
62305-1.
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Figure 14  The long stroke current (continuing current) specified in 
IEC 62305-1:2010.  Tlong can vary between 2 ms to 1000 ms.
Peak Current – Direct Measurement
Recently, direct current measurements on instrumented towers 
were carried out in Russia, South Africa, Canada, Germany, Brazil, 
Japan, Austria, and again in Switzerland (on a different tower). 
Important results from the Brazilian, Japanese, and Austrian 
studies are reviewed and compared with Berger’s data. In addition, 
recent direct current measurements for rocket-triggered lightning 
are also considered.  Reference summarised  the  distributions  of 
lightning  peak currents from individual studies (obtained from 
direct measurements only) and those synthesised by combining 
different measurements for first and subsequent stroke.
Other Parameters of Interests
Apart from those basic parameters discussed earlier, there are several 
other lightning parameters needed in engineering applications 
including maximum current derivative, average  current  rate  of 
rise,  current  risetime,  current  duration,  charge  transfer,  and 
specific   energy   (action   integral),   which   are   all   derivable 
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from   direct   current measurements.
Distributions of these parameters presently adopted by CIGRE 
are based on direct measurements by Berger and co-workers in 
Switzerland. There are also more recent direct current measurements 
available which are obtained using instrumented towers in Austria, 
Brazil, Canada, Germany, Japan, Russia, and Switzerland, as well as 
those obtained in several countries using rocket-triggered lightning. 
Furthermore, modern lightning locating systems report peak 
currents estimated from measured magnetic or electric field peaks. 
Additionally, lightning parameters such as the number of strokes 
per flash (multiplicity), interstroke interval, number of channels 
per flash, relative intensity of strokes within a flash, return-stroke 
speed, and equivalent impedance of the lightning channel, as well as 
characteristics of continuing currents and M-components are among 
other parameters to be considered. Table 8 shows lightning current 
parameters (based on Berger’s data) recommended by CIGRE TB 
549  and IEEE Std 1410-2010.
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Table 8   Lightning Current Parameters (Based on Berger’s Data) 
Recommended by CIGRE TB 459 and IEEE Std 1410-2010 
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KNOWLEDGE CONTRIBUTION ON LIGHTNING 
PROTECTION SYSTEM SOLUTIONS
This particular section highlights some of the knowledge 
contributions that have significantly been achieved by the author 
and his group.
Lightning Location System for Forensic Case Study
This section details out the incident that caused death to a man living 
in the palm estate area in Lukut Negeri Sembilan. That incident was 
covered in most of the newspapers in Malaysia and reported to have 
happened around 5.30 pm (local time) on 27 November 2011. There 
are few issues here i.e. the death incident, the electrical shock to 
personnel and damage to equipments. While the death is very rare 
in this case (where family claimed to see the red flash coming from 
the front door), it is believed that it was due to the flashover from 
the roof to the victim that happened within a fraction of a second, 
as reported by family members.
 Some information that we received from the electrical utility 
showed that between 4.00-6.00 pm on the 27 Nov 2011 (the date 
when the incident happened), there were about 155 lightning strikes 
within 10 km radius from the locations of the accident with two of 
the strikes carried 105 kA (6.01 pm) and 114 kA (5.35 pm). This is 
a huge amount of current that more than enough to cause damage to 
person and equipment (from various mechanisms). Figure 15 shows 
the number of lightning strikes at 10 km radius from the incident 
location, recorded for the period of 45 days, from 1 Nov 2011 till 
15 Dec 2011. Due to the difficulty in getting the coronary report, 
we were unable to discuss further details of the incident from the 
medical point of view. Nevertheless, there were very good idea 
on the technical perspective such as on the peak current, location 
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from the incident and  number  of  strike  which  definitely  would 
be  useful  in  designing  the  lightning protection system. This is a 
very good example how one can utilise these lightning parameters 
to investigate the details pertaining to the incident, which in this 
case was found to be very informative.
Figure 15  Lightning Recorded Data within 10 km Radius from the 
Incident Location
Standard and Policy Development
Lightning parameters are of interest in different fields of research 
and engineering applications, such as airborne vehicles, construction 
and oil industry engineering, power network components and wind 
turbines. The protection against lightning for each application 
follows specific standards.
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 In the case of transmission lines for instance, the protection is 
mainly based on the use of shield wires (or overhead ground wires) 
and selective use of surge arresters. Some special methods have also 
been successfully used for improving the lightning performance. 
The grounding system has generally exerted a great influence on 
the effectiveness of the protection means. In the IEC 62305 series, 
these parameters form the basis of the developed standard for the 
protection of structures, living beings and electrical and electronic 
systems against lightning.
 Effective shield wire protection is characterised by low 
probability of both shielding failures and backflashovers. Modelling 
and procedures for the estimation of these probabilities have been 
addressed by both CIGRE document and IEEE Standards.
 Malaysia adopted the relevant IEC standard in 2007, known 
as the MS IEC 62305:1-4. However, comprehensiveness and 
completeness MS IEC 62305 (2007) makes the document difficult 
to understand by engineers in particular specialisation. As seen in 
many countries including Malaysia, the difficulty can make the 
engineer fail to comply with the standard and this has resulted 
in choosing the non – standard or unrecognised system offered 
by providers with a simple design. This has led toward a possible 
dangers that threaten public safety. Soon after the circular on 
Lightning Protection System (LPS) was issued by the Energy 
Commission of Malaysia, Centre for Electromagnetic and Lightning 
Protection Research (CELP), UPM has been mandated to come 
out with the guidebook that could ease and guide the consumers to 
the relevant aspect in the standard. “Lightning Protection Systems 
Handbook” was created to bridge the gap electrical engineer general 
knowledge about MS IEC 62305 (2007). This book was released 
in 2014 by the Energy Commission of Malaysia. Figures 16 to17 
shows the partial page of the circular, released in 2011 and the front 
page of the handbook, respectively.
❚❘❘ 34
Lightning: A Bolt from the Blue
Figure 16  Circular on Lightning Protection System Installation for 
Buildings Released in 2011 by the Energy Commission of Malaysia
Figure 17  Guide on Lightning Protection Systems for Buildings, 
published by the Energy Commission of Malaysia in 2014
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 In  2016,  another  milestone  was  achieved  and  marked 
the  important  aspect  and contribution of lightning protection in 
Malaysia. Due to many issues and complaints by the customers on 
the damages to their solar photovoltaic (pv) system, Sustainable 
Energy Development Authority (SEDA) has taken the initiative 
to develop the guidebook on lightning protection for photovoltaic 
(PV) systems. Again, CELP has been given another responsibility 
to prepare this guidebook. After several months of discussion, the 
guidebook, known as Lightning Protection for Photovoltaic (PV) 
Systems, was released in August 2016 and made available to the 
public, which include the solar PV system owner and the certified 
designer and installer. Figure 18 depicts the front page of this 
guidebook.
Figure 18 Guideline on Lightning Protection for PV Systems published 
by Sustainable Energy Development Authority (SEDA) in 2016
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Characterisation of Lightning Generated Electric 
Fields
After several years of effort, the Automated Characterisation of 
Lightning Electric Fields – Center of Electromagnetic and Lightning 
Protection (ACLEF-CELP) was finally developed at CELP. This 
system able to characterise various parameters for preliminary 
breakdown pulses (PBP) and return stroke (RS), which include the 
Width Half Maximum first derivative (T
FWHM_dedt
), Peak amplitude 
first derivative (E
dedt
), peak time first derivative (T
peak_dedt
), Full Width 
Half Maximum (T
FWHM
), Slow Front amplitude (E
sf
), slow front 
time (T
sf
), 10 to 90 % time (T
10-90
), Peak amplitude (E
p
), peak time 
(T
p
) and zero crossing time (T
zc
) of return stroke. For PBP, there is 
duration before return stroke (T
pbp-rs
), duration (T
pbp
), peak (E
pbp
) and 
peak time (T
peakpbp
) of Preliminary Breakdown Pulses for PBP part.
 Figure 19 illustrates the user-friendly Graphical User interface 
(GUI) that was created in Matlab. It also displays the full raw signal 
and every single PBP and RS signal that occurred at that time. It 
also shows the type of lightning i.e. positive or negative return 
stroke. It is the first of its kind that has been developed based on a 
comprehensive criteria established for each parameter.
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Figure 19  The GUI for Automated Characterisation of Lightning 
Electric Fields – Centre of Electromagnetic and Lightning Protection 
(ACLEF-CELP) 
Novel Development of Lightning Location Systems
Advance lightning detection network (LDN) were introduced with 
smart sensors placed at strategic location to measure ground flash 
density (GFD). Sensors are able to detect real-time lightning activity 
and software is able to analyse historical data, which computes to the 
GFD map. Lightning data in term of time, flash location, polarity, 
peak current of return stroke, and stroke multiplicity are measured 
and displayed for analysis.
 The sensors use Time-of-arrival (TOA) and Magnetic Direction 
Finding (MDF) method in order to satisfy the accuracy and 
efficiency requirements. With an accuracy of +/-500 m and 95% 
detection efficiency, the system is able to detect lightning in the 
range of 600 km from the sensors. However, the drawback of 
the current method is the ability to provide the full waveshape of 
lightning current waveform and the electromagnetic field (EMF). As 
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far as research and development are concerned, this is very crucial 
information especially for surge arrester studies i.e. selection of 
surge arrester rating and its placement.
 Taking into account all these problems and gaps, we have 
developed novel lightning location system based on two stations 
measurement as depicted in Figure 20.
Figure 20  Problem Geometry of the Developed Method
 In principle, the developed model works based on inversed 
procedure technique whereby two magnetic field sensors were set 
at two known positions with related coordinates of (x1,y1) and 
(x2,y2), respectively. In contrast, the lightning stroke position 
was unknown and set at (xL,yL). The radial distance between the 
lightning channel and sensors 1 and 2 will be r1 and r2, respectively. 
The generated magnetic fields from the two sensors will be used to 
feed the developed algorithm, taking into account all the relevant 
and known parameters such as the ground conductivity and distance 
between the sensors. The developed technique will finally provide 
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the solution to all the unknown parameters such as the stroke 
location, electric fields, peak current magnitude, polarity, return 
stroke velocity and full waveshape of lightning current waveform, 
as opposed to the existing techniques or solutions.
CONCLUSION
This inaugural lecture highlights the lightning severity in Malaysia 
and has summarised some  of  the  basic  and  important  lightning 
parameters  that  are  needed  in  power engineering calculations 
and applications, along with relevant references to standards and 
recent literatures on the subject. Looking at several engineering 
applications with regards to the obtained parameters, the use 
of these parameters in the standard series of IEC 62305 and 
several other IEEE standards for instance are mainly based on the 
direct measurements by Berger and co-workers in Switzerland. 
Meanwhile, more recent direct current measurements were obtained 
from instrumented towers in Austria, Germany, Russia, Canada, 
and Brazil, as well as from rocket-triggered lightning. Further, 
modern lightning locating systems (LLS) reported the peak current 
estimated from measured electromagnetic  field  peaks,  which 
can  lead  to  many  improvements  of  the  existing research and 
technologies in lightning detection and protection. In the meantime, 
new perspectives of lightning research could also be explored.
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